Background: Targeting habit-development (behavioral automaticity) as part of healthy lifestyle behavior change interventions may improve the adoption and maintenance of healthful behaviors. Few studies, however, have evaluated the feasibility of using a habit-development approach to foster the adoption of recommended physical activity and dietary behaviors. We report quantitative and qualitative data from a feasibility study evaluating a habitformation intervention to foster healthy dietary and physical activity habits among middle aged African Americans with metabolic syndrome. Methods: Using a non-comparative design we evaluated the feasibility an 8-week, hybrid format (telecoaching and face-to-face sessions), habit-focused intervention targeting the development of healthful dietary and physical activity habit development among 24 African Americans aged 40 and older with metabolic syndrome recruited from the emergency department -a setting where individuals in under-resourced communities often go for primary care. We administered behavioral automaticity measures tailored to participants' self-selected habits biweekly during the intervention and collected clinical outcomes of systolic blood pressure, weight, waist circumference, and BMI at baseline week 20.
Background
Together, cardiovascular disease and diabetes cost the U.S. economy a staggering $561.1 billion annually and are the 1st and 7th leading causes of early death among U.S. adults [1] . Metabolic syndrome (MetS) is a cardinal cardiovascular and diabetes risk factor, affecting nearly 35% of U.S. adults, and increasing the risk of developing cardiovascular disease (CVD) and diabetes up to five fold [2, 3] . The diagnostic criteria for MetS include the presence of a large waistline (≥ 40 in. for men and ≥ 35 in. for women) as well as two of the following additional risk factors: blood pressure ≥ 130/85, hemoglobin A1c (HbA1c) of ≥ 5.7%, triglyceride levels ≥150 mg/dL, and HDL cholesterol levels ≤50 mg/dL [2] . While the adverse consequences of MetS overall are substantial, it is particularly impactful on African Americans, especially those who reside in low-resource urban settings [4, 5] . Urban dwelling African Americans experience some of the highest rates of MetS [6] and compared to Caucasians, disparities in prevention and treatment contribute to disproportionate development of CVD related morbidity and mortality [5, 7] .
Maintaining a healthy body weight by being physically active (PA) and eating a healthy diet can effectively reduce cardiometabolic risk, even amongst those with MetS. However, few U.S. adults adhere to current PA or dietary recommendations, with lower rates in African Americans than Caucasians [8] . Intervening to assist adoption and maintenance of more healthful behaviors has proven beneficial, yet studies frequently report waning effects once interventions are withdrawn [9] .
One promising approach for long-term adherence to lifestyle behavior recommendations is to foster the development of PA and dietary habits, defined as behavior patterns operating below conscious awareness that are acquired through context-dependent repetition [10] . Habits develop through frequent context-consistent behavioral performances [11] . Over time, habit-situation associations are incrementally strengthened, which results in highly automatic behaviors that are driven by encountering aspects of the situation (e.g., locations, preceding actions in a sequence, or particular moods) rather than by intentions or motivation [10] . The descriptive literature suggests that much of everyday thought and action is under the control of habits [12] , making habit development (HD) a promising target of behavioral interventions.
A handful of studies have translated habit science into lifestyle behavior change interventions [13] [14] [15] [16] and the results have been promising. For example, when comparing two weight loss interventions (one with HD components and one without) Carels et al. [13] , found that while the total weight lost did not significantly differ between the two approaches, those in the habit-focused arm maintained a greater degree of their lost weight at 6-month post intervention. Lally et al., [14] found that providing participants a combination of advice on habit formation, recommendations for healthful eating behaviors, and self-monitoring checklists resulted in statistically significant reduction in body weight at 8 weeks post intervention when compared to controls. While such preliminary evidence suggests that a HD approach may help individuals adopt and maintain healthful behaviors [10] no studies to date have evaluated the feasibility of a HD among underserved African Americans. African Americans face significant challenges to the development of healthful habits (e.g., lack of resources, unstable life circumstances) making targeted interventions in this population important. A focus on development of behavioral skills and provision of environmental supports necessary for healthful HD that are accessible and acceptable to African Americans with MetS would address these difficulties, potentially improving health outcomes and reducing CVD disparities in the process.
We present the results of pilot feasibility study of an 8-week, theory-based, hybrid, HD intervention designed to increase the strength, operationalized as behavioral automaticity, of PA and dietary habits. Such a feasibility study is essential to shed light on the practicability of our proposed intervention [17] and participant satisfaction with the protocol, as well as to provide initial estimates of screening to enrollment ratios, retention rates, and potential effect sizes needed to successfully evaluate primary and secondary outcomes in a subsequent trial.
Methods

Theoretical framework
The Pick two to Stick to (P2S2) HD intervention was guided by a framework synthesized from the theoretical and empirical literature about HD and the informationmotivation-behavioral (IMB) model [18] . The synthetic framework addresses the mechanisms that affect the transition of behaviors across the continuum from highly intentional to highly automatic. Important components of HD include having stable frequently occurring opportunities for behavioral performance in contexts that support the development of the new habit. Research about habit also suggests that: (a) simple behaviors are more likely to become habits than more complex behaviors [19] ; (b) environments can be purposively modified to promote HD [20] ; (c) less-intensive approaches to lifestyle behavior changes may be easier to maintain long term [21] ; and gains in habit strength can be detected in as little as two weeks [22] . The IMB model is a validated behavioral change framework that hypothesizes that the prerequisites for behavior change include having condition-specific information about the value of behavior changes, being motivated to change behaviors, and having the requisite behavioral skills to change the target health behavior.
Study design
The study protocol has been described previously [23] . Briefly, we used a 1-arm, non-comparative design, to evaluate the feasibility and preliminary efficacy of the P2S2 intervention among a sample of 40 African Americans with MetS aged 40 and above who were recruited from the Detroit Receiving Hospital (DRH) emergency department (ED) located in Detroit, MI. The active intervention lasted 8 weeks. Outcome measures were collected at baseline and at week 20. Participants received a total of $75 for completing all study activities. The Wayne State University (WSU) Institutional Review Board approved the study protocol.
Recruitment and enrollment
English speaking African Americans aged 40 and older who presented to the DRH ED with non-life threatening conditions and who were determined to be safe for discharge home were screened for study eligibility. In Detroit 59% of the population lives in medically underserved areas [24] , and subsequent reliance on the ED for primary care is common. While lifestyle behavior counseling is now indicated for adults ages 18 and older to reduce the risk for developing lifestyle related chronic conditions [25] ; however, African Americans who reside in under-resourced communities often have reduced access to primary care making lifestyle behavior counseling or referral to related programs for such individuals difficult. In an effort to fill this gap in preventative service delivery, we chose to specifically recruit participants from the ED setting.
As previously described, [23] we chose a modified MetS screening criteria to identify potential participants at the point of care. A diagnosis of MetS is confirmed based on the presences of three of the following five criteria: a large waistline (> 40 in. for men and > 35 in. for women); blood pressure > 130/85 mmHg; HbA1c of 5.7-6.4%; triglyceride levels > 150 mg/dL; and HDL cholesterol levels < 50 mg/dL. However, cholesterol and HbA1c testing were not part of routine care provided by the ED that was part of the study. We therefore used a modified MetS criteria and invited eligible participants to enroll if two or more of the following three cardiometabolic risk factors were confirmed via point of care testing or were documented in the medical record: waistline ≥40 in. for men and ≥ 35 in. for women; blood pressure ≥ 130/85; and HbA1c of 5.7-6.4%. Exclusion criteria included being pregnant or having a history of a previous diagnosis of resistant hypertension or steroid dependent asthma or emphysema, having a diagnosis of cirrhosis or hepatic failure, having a cardiac event within the last 30 days or being diagnosed with chronic kidney disease on renal replacement therapy or cancer (terminal or undergoing active chemotherapeutic or radiation therapy) [23] . Because we were offering a lifestyle behavior change program, we also excluded individuals taking medications for weight reduction or who were already being involved in a weight reduction program.
Intervention
Interventionist training
To promote fidelity to the manualized P2S2 intervention, interventionist 'coaches' completed dedicated training with the study principal investigator (HF), who is a certified health coach, and coaching sessions were administered under her direct supervision. During the intervention, coaching sessions were randomly observed for fidelity to the intervention protocol. For each session, coaches also used session content checklists to document session length, attendance, content, and any deviations from the protocol so that sessions could be rated for protocol fidelity.
Intervention structure and content
The intervention consisted of five coaching sessions. The intervention began with an initial face-to-face session conducted at the University's Clinical Research Services Center and that lasted 90-120 min (week 0). The initial session served to build rapport and ensure that all participants were provided the same educational content. Next, participants received four telephone based health-coaching sessions (lasting approximately 30 min) every two weeks (weeks 2, 4, 6, and 8) during which different they set different dietary and physical activity related habit formation goals and created plans to support the development of their selected habits. A follow up data collection visit occurred at the laboratory at week 20. Participants were asked to commit to developing two new habits (one dietary management habit and one PA habit) every 2 weeks over the 8-week intervention period for 8 habits total (see Fig. 1 for the HD sequence). Participants were asked to continue to engage in previous habit plans while also pursuing additional, new plans.
The intervention was manualized to standardized the delivery of the educational content. Content delivered during the initial face-to-face session included an over view of the P2S2 program, as well as educational material about MetS, PA and dietary guidelines, and education about the concept of habit and strategies to promote HD. Based on our previous experience with the target population, educational materials were designed for a 4th-6th grade reading level and used visuals to communicate key ideas. For example, a picture of a first was used to communicate the recommended serving size for proteins and ideas about how to cut down on 'bad' fats were communicated using pictures of common food items (e.g., chicken with and without the skin on). Discussions about dietary and exercise topics were also tailored to the local context. For example, we discussed higher fat and lower fat food options at popular restaurants around the city as well as using local resources (e.g., walking trails along the river that were safe and well lit).
The four biweekly telecoaching sessions focused on working with participants to identify low complexity behaviors that could be developed into habits and recurring situations that would eventually serve as the cue for the habitual behavior. For the purposes of the intervention we identified low complexity behaviors as those that.
Participants were instructed to draft habit plan implementation intentions reflecting their selected behavior and situation. In addition, coaches aided participants in identifying environmental modifications that would prompt behavioral performance, as well as reviewing progress towards previous HD goals and trouble shooting as needed. The session structure was intended to allow participants to repeatedly practice applying HD strategies in their own lives with different types of behaviors. See Table 1 for an overview of intervention content.
In addition to coaching sessions, participant received a workbook that included all of the educational materials covered in the face-to-face session as well as worksheets to guide them through constructing and implementing habit-development plans. The workbook also included a tear out self-monitoring log so that participants could track their adherence to their habit formation plans. Participants also received text messages that were specific to their HD plans and that were delivered between one to three times per week (depending on participant preference) at a participantselected time. Finally, participants were also incentivized through the provision of a welcome bag, which included a meter length of medium resistance exercise band, a pedometer, a USDA My Plate microwave and dishwasher safe portion plate, a pen, and a pad of sticky notes [23] .
Data collection and measures
Intervention Satisfaction (Measured at week 20) was assessed using a brief exit interview designed for the purposes of this study. Using a 5 point Likert scale ranging from 'not satisfied at all' to 'extremely satisfied' , the interview queried the following five domains of participant satisfaction: (1) the health coach approach; (2) the frequency and number of contacts; (3) the intervention content; (4) the tailored text messages; and (5) the overall program experience. The interview also included open-ended questions to elicit feedback about the intervention including the number of habits developed over the course of the study and what could be modified to make the program more satisfactory to participants. 
Behavioral outcomes
The primary study endpoint was self-reported change in behavioral automaticity for participants' self-selected habits over each of the two-week intervals that corresponded with the initiation of their new HD plans (weeks 0-2; 2-4; 4-6; and 6-8). Behavioral automaticity was assessed using the four-item Self-Reported Behavioral Automaticity Index (SRBAI) [26] , which measures self-reported perceptions of behavioral automaticity for an identified behavior. The stem statements are tailored to the needs of the study (e.g., behavior X is something…) and are responded to using the following four response items: "I do automatically", "I do without having to consciously remember", "I do without thinking", and "I start doing before I realize I'm doing it". The response scale is anchored by agree/disagree. Of 45 reliability assessments of the SRBAI, 23 found α level of .05 within the range. 90-.97, 17 found an alpha between .80-.89, four, an alpha between .70-.79, and one alpha of .68 [26] . Adherence to HD plans across each 14-day measurement period was tracked via participants' self report of the total number of days that they engaged in their habit plan out of 14 total days possible for each measurement period. Qualitative data including the target behavior that the participant wanted to develop into a habit, the environmental modification to cue the habit, and the desired frequency of text reminders were also collected from participant HD plans.
Clinical outcomes (measured at baseline and week 20)
Blood pressure was measured using the BPTru blood pressure device. Weight measurements were taken using a calibrated beam balance scale. Waist circumference was measured using a K-E anthropometric tape in accordance with established anthropometry guidelines [27] . BMI was calculated as weight in kilograms divided by the square of height in meters.
Descriptive variables (measured at baseline)
To help characterize the sample for a future trial we collected health literacy data using the seven-item Rapid Estimate of Adult Literacy in Medicine: Short Form [28] , comorbid conditions using a comorbidity checklist, and socio-demographic data using as socio-demographic survey designed for the study. A two-item, 5-point Likert scale assessed motivation for making lifestyle changes.
Data analysis
Qualitative data extracted from participants' HD plans were analyzed using thematic analysis [29] . Quantitative data analyses were executed in four steps. First, we generated descriptive statistics to compare the characteristics of completers and non-completers. Since this was a feasibility study, our analyses were not intended for inferential purposes; however, we used two-tailed Fisher's exact test to assess overall differences in categorical variables and t-tests to examine differences in means for continuous variables (Table 2) . Additionally, in Additional file 1: Table S1 we present detailed characterization of the time varying outcomes including within, between and overall means and standard deviations. All models focus on bivariate associations and do not control for potential confounders since our sample sizes were prohibitive.
Steps 2 through 4 focused on participants who completed the intervention for the duration of the study. In step 2, we estimated the bi-weekly means of diet and PA adherence and calculated their 95% confidence intervals. Mean estimates were based on bivariate generalized estimating equation (GEE) models (outcomes as a function of time) to account for the nested nature of the data (time nested within individuals) assuming a Gaussian distribution for both outcomes and an unstructured covariance matrix. Briefly, GEEs are population average analytic techniques that produce unbiased estimates of regression coefficients while accounting for the dependence among observations (here within individual measurement dependence) as a nuisance modeled through a specified within person correlation structure [30] . GEEs have good properties in small sample sizes, can accommodate multiple outcomes distributions (e.g. binary) and link function, and allow for several correlation structures to be specified a-priori [30, 31] . GEEs have been shown to be robust to "working" covariance misspecification [32] . We used similar modeling procedures to estimate the mean and confidence intervals for the gains in diet and PA automaticity measures. Biweekly gains in automaticity for each modality (diet or PA) were calculated by using differences between pre and post self-reported assessments. The mean estimates and 95% confidence intervals for the adherence and automaticity gains measures by habit modality are plotted in Fig. 2 to facilitate visualization of change in these measures over time.
In step 3, we used GEEs to examine the associations between adherence and gains in automaticity for each habit modality controlling for measurement time. Subsequently, we estimated and plotted the marginal means of automaticity gains over the continuum of adherence for each modality in Fig. 3 . We used similar techniques to examine the associations between texting frequency and both measures of adherence and gains in automaticity for each habit modality also controlling for measurement time. The estimated marginal means of each considered outcome and their 95% confidence intervals are plotted in Fig. 4 . Finally, we provide a detailed representation of the generated adherence and automaticity data for both habit modalities and the individual linear fit lines for all completing participants in Additional file 2: Figures S1 and Additional file 3: Figure S2 .
Sensitivity analyses
Recent statistical work on small sample size clustered data indicate that estimates of standard errors can be sensitive to modeling techniques [31, 32] . While GEEs are favored when the primary interest is in population average inferences, other methods (e.g. fixed effects generalized least squares) can lead to more efficient estimates and less prone to be underpowered [32] . However, as a feasibility study we were interested in examining how sensitive the standard errors are to our GEE choice, and whether other methods provide more efficiencies. To do so we reran all models detailed above using 3 alternative recommended techniques: 1) least squares regression with a clustered variance estimator, 2) fixed effects generalized least squares regression, and 3) maximum likelihood mixed effects regression with random intercept. A detailed discussion of the differences in these estimators as well as simulation work, particularly in the context of small sample sizes, have been published recently [32] . The inferences were largely stable with minimal differences in the estimated standard errors. All estimates derived from these models are presented in Additional file 4: Table S2 , Additional file 5: Table S3 and Additional file 6: Table S4 .
Results
Forty participants were enrolled in P2S2, 16 (40%) of whom dropped from the study between being consented in the ED and the completion of baseline data collection (Fig. 5) . Of the 24 participants that completed the baseline data collection visits, 12 completed all intervention visits, six dropped out of the study after the initial coaching session (week 0), five dropped after receiving the second coaching call (week 4), and one participant dropped after the third coaching call (week 6).
Participant characteristics by completion status are presented in Table 2 . The average age of completing participants was 49 years, two thirds (67%) were female, a plurality reported never being married (42%), three-fifths lived in households with 3 or more individuals (58.4%), and they unanimously reported living in their own home. Additionally, more than four-fifths of completing participants had more than a high school education (83.4%), 42% reported being unemployed, and 83% reported an income less than $20,000. Average literacy among completers was high (Mean = 5.9; range = 1-7) and so was the average motivation score (Mean = 35.4; range 26-40). The average number of health conditions was 1.6 (range = 0-4). With the exception of employment status (42% of non-completers were employed) and average number of health conditions (2.9 vs. 1.6) there were no substantive differences in characteristics between completers and non-completers.
Participant satisfaction
Summary statistics for the five different satisfaction measures included in the exit interview indicated that 92% of participants were 'extremely satisfied' with the program. The most frequently reported suggested program improvement was to include additional face-to face coaching sessions to help increase accountability and motivation. Participants also suggested increasing the length of time in between HD sessions to decrease burden and to allow more time for prior habits to develop before adding additional habit plans.
Behavioral outcomes
The average reported biweekly diet and PA adherence scores remained largely unchanged over the study duration. Biweekly gains in diet and PA automaticity also remained constant over the study duration. Average time trends in automaticity gains within each modality were reflective of adherence levels (Fig. 1) . Overall, biweekly averages in adherence were consistently higher for diet (M overall = 10.4; SE = 0.4) compared to PA (M PA-overall = 8.5; SE = 0.53). Mean levels of automaticity gains were, with the exception of baseline averages, largely similar across diet and PA behaviors (M Diet-overall= 15.6; SE = 0.89 vs. M PA-overall = 13.0; SE = 1.15).
Results from the regression analyses examining the association between adherence and automaticity are included in Fig. 5 (also Additional file 5: Table S3 ). Overall, higher levels of adherence were associated with higher positive gains in automaticity. Both the magnitude and, despite the small sample size, the statistical significance of the association were more pronounced for the PA (β PA = 1.53; SE = 0.24) modality relative to diet (β Diet = 0.31; SE = 0.29).
Finally, we found no evidence to link frequency of texting to adherence outcomes. Frequency of texting, among sampled participants, showed an inverse negative association with diet automaticity gains but a positive association with PA automaticity.
Habit-development plans
The 12 intervention completers generated n = 96 HD plans (n = 48 dietary habit plans and n = 48 PA plans). Of the 48 dietary habit plans created by participants, n = 16 focused on food preparation related habits. Examples included trimming fat off of meat, or using a salt-free Fig. 4 Associations between text frequencies and adherence and gains in automaticity by diet and PA modalitie seasoning instead of salt on food. Habits related to consuming healthier beverages (n = 12), snacks (n = 11), and reducing portion size (n = 5), were also the focus of HD plans. Four habit plans focused on introducing new foods into the participant's diet (e.g., using soy milk instead of cows milk on cereal). Environmental modifications to cue behavioral performance included placing the preferred (new) item out in plain view, while hiding away any competing items 43% of the time. Approximately 52% of the time, participant used the study-provided sticky notes as cues (e.g., a note on the bread bag to cue the participant to eat 2 slices instead of 4 slices with dinner). The remaining 5% of the time, participants used phone reminders as the cue.
Walking for 10 min was the most common focus of PA habit plans (n = 20 of 48 plans), followed by walking for 30 min (n = 7), using the study-provided exercise band or one's own body weight for resistive exercises (n = 15), or engaging in other types of exercise (n = 6) (e.g., swimming, working out at a gym, or dancing). Sticky notes and cellular phone reminders were the most common cues that participants used to cue their PA habits (used, 43 and 25% of the time respectively). Durable contextual modifications (e.g., placing exercise equipment in plain view) were only used 32% of the time to cue habits.
Discussion
As one of the few studies to evaluate the feasibility of delivering a HD intervention, and the only study to our knowledge to have done so among at-risk African Americans recruited from the ED, our findings provide novel insight that is critical for continued engagement with the target population and for understanding the potential utility of a HD approach. Participants reported high degrees of satisfaction with the intervention, yet we experienced higher than expected rates of attrition. Attrition from ED based studies is a known problem, with rates increasing in proportion with the number of post-ED study visits required [33] . Plausible approaches to reduce attrition rates in the future include utilizing home based data collection, increasing the number of face-to-face coaching sessions to build rapport, and the use of a brief run-in period [34] prior to initiating the intervention. Despite the high attrition rates, intervention completers exhibited gains in behavioral automaticity for the majority of their target habits. The data, therefore, contribute to the small, but growing body of translational work suggesting that individuals can at least start to develop new habits through a combination of behavioral intentions and context modifications and that these strategies can work on a range of PA and dietary behaviors. The P2S2's biweekly HD sequence was based on a previously conducted HD study [16] . While the authors did not report issues with participants' pursuing two new habits every two weeks, our participants reported difficulty with the biweekly addition of new HD plans. Though initial gains in HD can be seen in as little as two week, it may take much longer for participants to develop strong habits, [21] especially if life circumstances limit contextual stability (e.g., shift work, changes in child care) or disrupt the frequency and consistency of behavioral engagement [35] . Since the cognitive load reducing benefits of HD would presumably not occur until a 'strong' habit was developed, the addition of new HD plans every two weeks may have been overly burdensome to participants.
Another important finding is that some participants struggled to identify more durable environmental modifications to cue engagement in their HD plans and instead relied on sticky notes as cues. It is plausible that such individuals simply could not modify their environments because of others living in the household. It is also plausible that they are not always aware enough of their own daily habits to identify environmental cues to their behaviors [35] . Regardless of the root cause, from a theoretical perspective, using sticky notes or phone alarms could be problematic as once the context changes again (the note is removed) there is no cue to continue to trigger the desired habit.
To our knowledge only one study to date [36] has focused on the qualitative experience of habit formation within the context of a HD intervention approach. The qualitative data presented here, therefore, contribute new insights into the types of behaviors that individuals choose to develop into habits under real world circumstances. Yet it is important to note that we restricted participants to selecting low complexity behaviors that could be engaged in nearly every day and for which they would not have to secure any additional resources or support. We imposed those restrictions based on the descriptive work about habits (e.g., low complexity behaviors are more likely to develop into habits than complex behaviors), and because of sensitivity to the socioeconomic status of our target population we did not want the success or failure of the approach to rest on the participant's ability to procure additional materials. Nonetheless, the study imposed restrictions likely influences the types of behaviors that individuals chose to develop into habits.
In addition to a small sample size (n = 40) and a high rate of attrition, this study is also limited by a short duration of follow-up (12 weeks), and lack of randomization. Therefore, the results should be interpreted with caution until they can be replicated in a larger and more rigorous study. Future research with African Americans with MetS recruited from the ED may facilitate improved tracking of participants through the use of retention strategies tailored to studies recruiting participants from the ED.
Conclusion
To our knowledge, this study is the first to report on a prospective feasibility pilot of a behavioral automaticity focused lifestyle intervention delivered to a population of medically underserved African Americans with MetS. Although limited by a lack of randomization and short follow-up period, this study provides evidence that a structured behavioral automaticity program can result, at least initially, in habit development. A larger study with a longer follow up period could further elucidate the impact of habit development on clinical outcomes and assess the degree to which habits, once developed, are maintained over time. Lifestyle behavior change interventions targeting underserved African Americans with MetS may help prevent development of cardiovascular and metabolic diseases, while improving overall health.
